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HDMI SKEW COMPENSATION Some non - native implementations make use of active 
COMMUNICATION level shifters ( ALS ) to compensate for skew associated with 

differential signal lines . However , use of ALS adds expense 
CROSS - REFERENCE TO RELATED to HDMI systems . 

APPLICATIONS 
BRIEF DESCRIPTION OF THE DRAWINGS 

This application is a national phase claiming the benefit of 
and priority to International Patent Application No. PCT / FIG . 1 is an illustrative block diagram of a system with an 
US17 / 36097 , filed Jun . 6 , 2017 , entitled “ HDMI SKEW HDMI source coupled to an HDMI sink . 
COMPENSATION COMMUNICATION , ” which claims FIG . 2 illustrates a differential signal that may be trans 
the benefit of Indian Application No. 201641022437 filed mitted over a differential pair . 

FIG . 3 illustrates the differential signal that may be Jun . 30 , 2016 , entitled “ HDMI Skew Compensation Com received after it was transmitted over a differential pair . munication , ” which applications are incorporated herein by FIG . 4 illustrates a training differential signal that may be reference in their entirety . 15 transmitted by an HDMI source to an HDMI sink . 
FIG . 5 illustrates an exemplary baseline eye pattern . TECHNICAL FIELD FIG . 6 illustrates a block diagram of a computing device . 
FIG . 7 illustrates an embodiment of a storage medium . Embodiments herein generally relate to high - definition FIG . 8 illustrates a logic flow depicting communication multimedia interface ( HDMI ) . More particularly , embodi- 20 between an HDMI source device and an HDMI sink device . 

ments herein generally relate to skew correction communi 
cations in HDMI systems . DETAILED DESCRIPTION 

10 

BACKGROUND Various embodiments may generally relate to high - defi 
25 nition multimedia interface ( HDMI ) systems . In particular , 

The digital interface technology HDMI ( High Definition various embodiments may generally relate to HDMI systems 
Multimedia Interface ) is a leading standard for transmission that function in a non - native mode . Such HDMI systems 
of video signals and audio signals between devices , and has may not provide the HDMI standard requirement of 3.3V on 
been widely used in the field of household electrical appli- one or more differential transition minimized differential 
ances and audiovisual devices . HDMI has been realized by 30 signaling ( TMDS ) line . 
further developing a digital visual interface ( DVI ) so that Implementations described herein provide skew compen 
video signals , audio signals , and device control signals can sation for signaling on differential lines . In one implemen 
be transmitted over a single cable . tat the skew compensation is associated with a non 

Multiple versions of HDMI have been developed as native HDMI system . In a particular implementation , the 
bandwidth and / or other capabilities of audiovisual data 35 skew compensation is applied to one or more TMDS line . 
transfer increase , with recent releases including HDMI ver- Specifically , the skew compensation may be applied to one 
sions 1.4 and 2.0 . HDMI 2.0 supports a per - channel band- or more TMDS lines associated with a HDMI system . In one 
width of at least 6 Gbps . This bandwidth allows for higher- implementation , the skew compensation does not necessitate 
resolution audio and video transfer compared to earlier the use of an active level shifter ( ALS ) . In a particular 
HDMI versions . 40 implementation , skew compensation is made possible by 

Visual display units , flat screens , displays , mobile leveraging an existing HDMI standard mandated platform . 
devices , computers , television sets and monitors supporting In one implementation , a display data channel ( DDC ) may 
high resolutions may include an electrical connection inter- be used to enable skew compensation communications . The 
face , such as a DVI data transmitting interface and / or HDMI DDC may be used to carry extended display identification 
data transmitting interface . In addition to various control 45 data ( EDID ) specified by HDMI standards . Various embodi 
signals , several differential transition minimized differential ments disclosed herein make use of the DDC to communi 
signaling ( TMDS ) encoded signals for the transmission of cate skew and skew compensation information between an 
audio and video data as well as required clock signaling HDMI source and an HDMI sink . 
between at least one data source and at least one data sink More particularly , disclosed herein are devices and meth 
are carried via this interface . 50 ods to facilitate compensating for intra - pair skew in HDMI 
HDMI systems my operate in native or non - native mode . systems . One or more skew training patterns may be trans 

In particular , HDMI standards specify that native TMDS mitted or caused to be sent on a signal line including a 
operation requires a 3.3 line voltage . However , some HDMI differential pair . Acknowledgment of receiving the skew 
systems may not support the 3.3V requirement . Such HDMI training pattern may be received on the DDC associated with 
systems are known as non - native . 55 a HDMI system . The skew training pattern may be used to 

The HDMI standards use three separate TMDS channels ascertain and compensate for intra - pair skew , or more gen 
for the additive primary colors used in creating displayed erally signal skew . Additional communications associated 
video images . These signals are transmitted at a very high with skew training and skew compensation may be con 
rate ( GHz range ) . Even a small change in the propagation veyed over the DDC . 
characteristics of the copper conductors used to carry the 60 In some examples , the present disclosure can be imple 
components can cause signal glitches . Intra - pair skew is mented by a Technical Specification , or by a device con 
defined as a difference in propagation speed between the forming to a Technical Specification . For example , some 
positive and negative lines in a differential pair . A slight implementation of the disclosure can relate to the HDMI 2.0 
difference in arrival times for the two components of a pair Specification released on Sep. 4 , 2013 . 
can cause a data bit to fall outside of the decision boundary 65 Reference is now made to the drawings , wherein like 
defined for that bit . For example , digital high signals can reference numerals are used to refer to like elements 
then become low and vice - versa . throughout . In the following description , for purposes of 
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explanation , numerous specific details are set forth in order generate , transmit , and / or send data over a number of output 
to provide a thorough understanding thereof . It may be TMDS data channels 0-2 and a TMDS clock channel . In 
evident , however , that the novel embodiments can be prac- some embodiments , the clock channel may be considered a 
ticed without these specific details . In other instances , TMDS data channel 3 , providing additional bandwidth for 
known structures and devices are shown in block diagram 5 transmission of compressed 8K video . The DDC 112 chan 
form in order to facilitate a description thereof . The intention nel may be used for configuration and status exchange 
is to provide a thorough description such that all modifica- between the HDMI source 102 and the HDMI sink 104 in 
tions , equivalents , and alternatives within the scope of the some embodiments . Each of the TMDS data channel 0-3 
claims are sufficiently described . includes a differential pair . Intra - pair skew , related to trans 

Additionally , reference may be made to variables , such as , 10 mitted signals , may manifest on one or more of the TMDS 
“ a ” , “ b ” , “ c ” , which are used to denote components where data channel 0-3 . Intra - pair skew is defined as a time 
more than one component may be implemented . It is impor- difference in propagation between two complementary sig 
tant to note , that there need not necessarily be multiple nals transmitted through a differential channel , such as one 
components and further , where multiple components are of the TMDS data channels 0-3 . The DDC 112 may be used 
implemented , they need not be identical . Instead , use of 15 to convey information pertaining to differential signal line 
variables to reference components in the figures is done for skew and skew compensation . 
convenience and clarity of presentation . The receiver 108 , in general the HDMI sink 104 , may 
FIG . 1 is an illustrative block diagram of a system 100 comprise suitable logic , circuitry and / or code configured to 

with an HDMI source 102 coupled to an HDMI sink 104 . receive a number of input TMDS data and clock channels , 
HDMI sinks are typically a component that displays video or 20 and may generate a number of output channels , such as 
graphical images , such as a television , a computer monitor , video and audio channels and control information . 
a digital picture frame , etc. HDMI sources are typically In addition to the foregoing , the HDMI source 102 and the 
components that provide the video or graphical images , such HDMI sink 104 may be one or more fixed circuits , field 
a cable or satellite conversion box , a DVD player , a camera , programmable gate arrays ( FPGAs ) , or other modules or 
a game console , etc. Embodiments may include battery - less 25 combinations of circuits , or may comprise software 
game consoles , dongles for receiving a wireless broadcast of executed by a processor , such as a microprocessor or central 
a video or graphical stream , etc. Embodiments may also processing unit , including those manufactured by Intel Cor 
include battery powered devices such as cellular telephones , poration of Mountain View , Calif . 
video or digital cameras , etc. Further to the foregoing , the HDMI source 102 and / or the 

The current HDMI specification provides sufficient band- 30 transmitter 106 may include one or more fixed circuits , 
width for 4K video data encoded via TMDS . TMDS pro- FPGAs , or other modules or combinations of circuits , or 
vides sufficient bandwidth for a wide variety of audio sample may comprise software executed by processor , such as a 
rates and formats , encoded via TMDS error reduction coding microprocessor or central processing unit , generate skew 
( TERC4 ) . TERC4 encoding maps sixteen 4 - bit characters to training patterns , such as 1010 , that may be conveyed to the 
10 - bit symbols and includes signaling for guard bands . 35 HDMI sink 104 over one or more TMDS channel 0-3 . The 
TERC4 symbols and guard band symbols , generally referred HDMI sink 104 and / or the receiver 108 may include one or 
to as HDMI symbols , are 10 - bits in length and have five more fixed circuits , FPGAs , or other modules or combina 
logic ones and five logic zeros to ensure that they are DC tions of circuits , or may comprise software executed by 
balanced . HDMI links include three TMDS data channels , processor , such as a microprocessor or central processing 
which carry the TMDS and TERC4 encoded data , and one 40 unit , to receive the skew training patterns provided by the 
TMDS clock channel . HDMI source 102. Furthermore , HDMI sink 104 and / or the 

Referring again to FIG . 1 the HDMI source 102 , including receiver 108 may include one or more fixed circuits , FPGAs , 
a transmitter 106 , communicates with the HDMI sink 104 , or other modules or combinations of circuits , or may com 
including a receiver 108 and a memory ( e.g. , a read only prise software executed by processor , such as a micropro 
memory ( ROM ) ) 110 in some embodiments . The HDMI 45 cessor or central processing unit , to analyze skew training 
source 102 is any type and form of media source or media patterns and provide results of such analysis to the HDMI 
encoder , such as a DVD player , set top box , cable receiver , source 102 and / or the transmitter 106. The HDMI source 
satellite receiver , terrestrial broadcast receiver , desktop com- 102 and / or the transmitter 106 may include one or more 
puter , laptop computer , portable computing device , devices fixed circuits , FPGAs , or other modules or combinations of 
that receive and retransmit video ( e.g. audio / video receivers 50 circuits , or may comprise software executed by processor , 
and other ) , or any other such media source . The HDMI sink such as a microprocessor or central processing unit , to 
104 is any type and form of media receiver and / or display , receive such analysis and generate modified skew training 
including but not limited to a monitor , a projector , a wear- patterns , such as 1010 , that may be conveyed to the HDMI 
able display , a computer , a communication device , an audio / sink 104. In implementation , the HDMI source 102 and / or 
video switcher or multimedia receiver , or any other type and 55 the transmitter 106 and the HDMI sink 104 and / or the 
form of media receiving device . receiver 108 may utilize the DDC 112 to convey information 
The transmitter 106 , in general the HDMI source 102 , pertaining to signal skew on one or more TMDS channel 

may include suitable logic , circuitry and / or code that may be 0-3 , skew training patterns , and / or compensation of skew on 
configured to receive a number of input channels , such as one or more TMDS channel 0-3 . 
video , audio and auxiliary data ( e.g. control or status data ) 60 The memory 110 may comprise suitable logic , circuitry 
or data from a DDC 112 or other sideband communication and / or code configured to store auxiliary data such as an 
channel ( e.g. , a USB bus , an Apple Desktop Bus , an RS - 232 EDID , which may be received from the DDC 112 or other 
serial connection , a SCSI bus , a FireWire bus , a FireWire sideband communication channel ( e.g. , a USB bus , an 
bus , an Ethernet bus , an AppleTalk bus , a Gigabit Ethernet RS - 232 serial connection , a SCSI bus , a FireWire bus , a 
bus , an Asynchronous Transfer Mode bus , a FibreChannel 65 FireWire 800 bus , an Ethernet bus , an AppleTalk bus , a 
bus , a Serial Attached small computer system interface bus , Gigabit Ethernet bus , an Asynchronous Transfer Mode bus , 
a USB connection , or some other custom channel ) , and a FibreChannel bus , a serial attached small computer system 
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interface bus , a USB connection , or some other custom ential signal 400 may be analyzed by the HDMI sink 104 to 
channel ) . The memory 110 may comprise a serial program- determine if intra - pair skew was introduced in the differen 
mable read only memory ( PROM ) or electrically erasable tial signal 400 during the transmission of the signal 400 from 
PROM ( EEPROM ) , Random Access Memory ( RAM ) , a the HDMI source 102 to the HDMI sink 104. The training 
read only memory ( ROM ) or any other type and form of 5 differential signal 400 may include a first signal 202 that has 
memory . a positive going transition ( + V ) . Furthermore , the training Audio , video , auxiliary data , intra - skew training signals , differential signal 400 includes a second signal 204 that has 
may be transmitted or caused to be sent across a number of a negative going transition ( -V ) . In one example , the train 
TMDS data channels 0-3 . In some embodiments , video data ing differential signal 400 may be conveyed from the HDMI is transmitted as 24 - bit pixels on the number of TMDS data 10 source 102 to the HDMI sink 104 using one or more of the channels . TMDS encoding converts a number of bits , for TMDS channel 0-3 . In a particular implementation , the example , 8 bits per channel into a 10 bit DC - balanced , training differential signal 400 is predetermined and known transition minimized sequence in some embodiments . The 

is transmitted serially at a rate of 10 bits per pixel by the HDMI source 102 and the HDMI sink 104 . sequence 
clock period , or any other such rate in some embodiments . 15 In one implementation , initially , the HDMI sink 104 may 
The video pixels are encoded in RGB , YCBCR 4 : 4 : 4 or use the training differential signal 400 received from the 
YCBCR 4 : 2 : 2 formats , for example , and are transferred up HDMI source 102 as a baseline signal that is compared 
to 24 bits per pixel , for example . In some embodiments , against a baseline eye pattern . 
more than 24 - bits per pixel ( e.g. 30 , 36 , or 48 bits per pixel FIG . 5 illustrates an exemplary baseline eye pattern 500 . 
in addition to support for 24 bits per pixel ) is provided . In 20 The exemplary baseline eye pattern 500 includes an eye 
some embodiments , as discussed above , pixels are com- opening 502. The y - axis 504 represents amplitude x - axis 
pressed from a 4 : 4 : 4 or 4 : 2 : 2 24 - bit per pixel scheme to an 506 represents time . Generally , the exemplary baseline eye 
8 bit per pixel format , such as via DSC compression . Other pattern 500 includes a sum of samples from superimposing 
embodiments are capable of compressing 4 : 2 : 0 format pix- high and low signal samples with no skew introduced . The 
els . 25 exemplary baseline eye pattern 500 includes an eye height 

FIG . 2 illustrates a differential signal 200 that may be 508 and an eye width 510. The eye height 508 is a measure 
transmitted over a differential pair . In one implementation , of the vertical opening of the eye pattern 500 and the eye 
the differential signal 200 is transmitted over one or more width 510 is a measure of the horizontal opening of the eye 
TMDS channel 0-3 by way of the HDMI source 102. In pattern 500. Skew associated with the training differential 
particular , the differential signal may be transmitted by the 30 signal 400 , caused during the transmission of the training 
HDMI source 102 to the HDMI sink 104 using one or more differential signal 400 from the HDMI source 102 to the 
TMDS channel 0-3 . Circuitry , hardware , software , or com- HDMI sink 104 , may cause an eye height and / or eye width 
bination of circuitry , har are , and software of the HDMI associated with the training differential signal 400 to deviate 
source 102 may generate the differential signal 200. Tech- from a desired eye height and / or eye width , such as the eye 
nically , the differential signal 200 includes a pair signals that 35 height 508 and / or eye width 510 of the baseline eye pattern 
are mirror images of each other . More particularly , the 500. The baseline eye pattern 500 may be stored in any 
differential signal 200 includes a first signal 202 that has a suitable storage medium associated with a computing 
positive going transition ( + V ) . Furthermore , the differential device , such as the HDMI sink 104 , the computing device 
signal 200 includes a second signal 204 that has a negative 600 , and the like . 
going transition ( -V ) . FIG . 6 illustrates a block diagram of a computing device 

Ideally , the first signal 202 and the second signal 204 600 for implementing an embodiment of the HDMI source 
maintain precise timing as they undergo transmission from 102 , HDMI sink 104 , the system 100 , transmitter 106 , 
the HDMI source 102 to the HDMI sink 104. However , the and / or the receiver 108. In some embodiments , the comput 
first signal 202 and the second signal 204 generally traverse ing device 600 is configured to perform various methods for 
cables that are influenced by various imperfect conditions 45 transporting signals over HDMI . For example , in some 
that may cause disruptions in the timing of the first signal embodiments , the computing device 600 is configured to 
202 and the second signal 204. Such imperfect conditions transport signals over TMDS channels . In one implementa 
include , for example , variations in the dielectric material tion , the computing device 600 is configured to generate 
used to insulate the cables to carry the first signal 202 and training differential signals . In another implementation , the 
the second signal 204 , variations in the twist and overall 50 computing device 600 is configured to receive training 
length of the cables , and so forth . differential signals and analyze the receive training differ 
FIG . 3 illustrates the differential signal 200 that may be ential signals . In another implementation , the computing 

received after it was transmitted over a differential pair . In device 600 is configured to analyze the receive training 
one implementation , the differential signal 200 is a training differential signals and convey information related to the 
differential signal 200 that is transmitted by the HDMI 55 analysis . In another implementation , the computing device 
source 102 to the HDMI sink 104. The transmitted differ 600 is configured to receive analysis information related to 
ential signal 200 may be received by the HDMI sink 104. As training differential signals . In an implementation , the com 
is shown in FIG . 3 , the differential signal 200 is skewed in puting device 600 is configured to alter training differential 
time . More specifically , an intra - pair skew 300 in the dif- signals based on the received analysis information related to 
ferential signal 200 ( e.g. , the first signal 202 and the second 60 training differential signals . In one implementation , the 
signal 204 ) was introduced during the transmission of the analysis information related to training differential signals is 
differential signal 200 from the HDMI source 102 to the conveyed on the DCD . 
HDMI sink 104 . As shown FIG . 6 , the computing device 600 includes a 
FIG . 4 illustrates a training differential signal 400 that central processing 602 , and a main memory unit or storage 

may be transmitted by the HDMI source 102 to the HDMI 65 device unit 604. As shown in FIG . 6 , the computing device 
sink 104. The training differential signal 400 may have a 600 may include a network interface 606 , an I / O controller 
different pattern than shown in FIG . 4. The training differ- 608 , display devices 610 , a keyboard 612 , a pointing device 

40 
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614 , such as a mouse , and other I / O devices 616. The storage or all of the above . Connections can be established using a 
device 604 may include , without limitation , an operating variety of communication protocols ( e.g. , TCP / IP , IPX , 
system and / or software . SPX , NetBIOS , Ethernet , ARCNET , SONET , SDH , Fiber 

The central processing unit 602 is any logic circuitry that Distributed Data Interface ( FDDI ) , RS232 , IEEE 802.11 , 
responds to and processes instructions fetched from the main 5 IEEE 802.11a , IEEE 802.11b , IEEE 802.11g , IEEE 802.11n , 
memory unit 604. In many embodiments , the central pro- IEEE 802.11ac , IEEE 802.11ad , CDMA , GSM , WiMax and 
cessing unit 602 is provided by a microprocessor unit , such direct asynchronous connections ) . In one embodiment , the 
as those manufactured by Intel Corporation of Mountain computing device 600 communicates with other computing 
View , Calif . devices 600 via any type and / or form of gateway or tunnel 

Main memory unit 604 may be one or more memory chips 10 ing protocol such as Secure Socket Layer ( SSL ) or Transport 
capable of storing data and allowing any storage location to Layer Security ( TLS ) . The network interface 606 may 
be directly accessed by the processor 602 , such as any type include a built - in network adapter , network interface card , 
or variant of Static random access memory ( SRAM ) , PCMCIA network card , card bus network adapter , wireless 
Dynamic random access memory ( DRAM ) , Ferroelectric network adapter , USB network adapter , modem or any other 
RAM ( FRAM ) , NAND Flash , NOR Flash and Solid State 15 device suitable for interfacing the computing device 600 to 
Drives ( SSD ) . The main memory unit 604 may be based on any type of network capable of communication and per 
any of the above described memory chips , or any other forming the operations described herein . 
available memory chips . In the embodiment shown in FIG . FIG . 7 illustrates an embodiment of a storage medium 
6 , the processor 602 communicates with the main memory 700. The storage medium 700 may comprise an article of 
unit 604 via a system bus . 20 manufacture . In some examples , the storage medium 700 

In the embodiment shown in FIG . 6 , the processor 602 may include any non - transitory computer readable medium 
communicates with various I / O devices via the system bus . or machine readable medium , such as an optical , magnetic 
Various buses may be used to connect the central processing or semiconductor storage . The storage medium 700 may 
unit 602 to any of the I / O devices , for example , a VESA VL store various types of computer executable instructions e.g. , 
bus , an ISA bus , an EISA bus , a MicroChannel Architecture 25 702 ) . For example , the storage medium 700 may store 
( MCA ) bus , a PCI bus , a PCI - X bus , a PCI - Express bus , or various types of computer executable instructions to imple 
a NuBus . For embodiments in which the I / O device is a ment skew compensation techniques described herein . The 
video display 610 , the processor 602 may use HDMI or an storage medium 700 may be coupled to the computing 
advanced graphics port ( AGP ) to communicate with the device 600. For example , when coupled to the computing 
display 610 . 30 device 600 , the computer executable instructions 702 may 
A wide variety of I / O devices may be present in the be executed by a computing device 600 to aid in performing 

computing device 600. Input devices include keyboards , one or more techniques described herein ( e.g. , skew com 
mice , trackpads , trackballs , microphones , dials , touch pads , pensation ) . 
touch screen , and drawing tablets . Output devices include Examples of a computer readable or machine readable 
video displays , speakers , inkjet printers , laser printers , pro- 35 storage medium may include any tangible media capable of 
jectors and dye - sublimation printers . The I / O devices may storing electronic data , including volatile memory or non 
be controlled by the I / O controller 608 as shown in FIG . 6 . volatile memory , removable or non - removable memory , 
The I / O controller may control one or more I / O devices such erasable or non - erasable memory , writeable or re - writeable 
as the keyboard 612 and a pointing device 614 , e.g. , a mouse memory , and so forth . Examples of computer executable 
or optical pen . Furthermore , an I / O device may also provide 40 instructions may include any suitable type of code , such as 
storage and / or an installation medium for the computing source code , compiled code , interpreted code , executable 
device 600. In still other embodiments , the computing code , static code , dynamic code , object - oriented code , visual 
device 600 may provide USB connections ( not shown ) to code , and the like . The examples are not limited in this 
receive handheld USB storage . context . 

Referring again to FIG . 6 , the computing device 600 may 45 FIG . 8 illustrates a logic flow 800 depicting communica 
support any suitable installation device , such as a disk drive , tion between an HDMI source device ( e.g. , the HDMI 
a CD - ROM drive , a CD - R / RW drive , a DVD - ROM drive , a source 102 ) and a HDMI sink device ( e.g. , the HDMI sink 
flash memory drive , tape drives of various formats , USB 104 ) . The logic flow 800 may begin with communication 
device , hard - drive , a network interface , or any other device 802. However , the logic flow 800 may begin with a different 
suitable for installing software and programs , such as the 50 communication other than the communication 802. Further 
storage 604. The computing device 600 may further include more , the logic flow 800 is not illustrated in a particular 
a storage device , such as one or more hard disk drives or order . A different order other than that illustrated may be 
redundant arrays of independent disks , for storing an oper- used . Some or all of the communications and operations 
ating system and other related software , and for storing associated with the logic flow 800 may be embodied as one 
application software programs such as any program or 55 or more computer executable instruction . Such computer 
software for implementing ( e.g. , configured and / or designed executable instructions ( e.g. , computer executable instruc 
for ) the systems and methods described herein . Optionally , tions 702 ) may be stored in the storage medium 700 , or a 
any of the installation devices could also be used as the plurality of disparate storage mediums . A computing device , 
storage device . Additionally , the operating system and the such as the computing device 600 , may execute the stored 
software can be run from a bootable medium . 60 computer executable instructions . The logic flow 800 may 

Furthermore , the computing device 600 may include the provide functionality to enable compensating for intra - pair 
network interface 606 to interface to a network through a skew associated with a differential pair . 
variety of connections including , but not limited to , standard At communication 802 , the HDMI source device com 
telephone lines , LAN or WAN links ( e.g. , 802.11 , T1 , T3 , 56 municates to the HDMI sink device that a skew training 
kb , X.25 , SNA , DECNET ) , broadband connections ( e.g. , 65 pattern signal will be forthcoming . At communication 804 , 
ISDN , Frame Relay , ATM , Gigabit Ethernet , Ethernet - over- the HDMI sink device acknowledges the communication 
SONET ) , wireless connections , or some combination of any 802. Generally , communications between the HDMI source 
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device and the HDMI sink device in the logic flow 800 may a predetermined amount of skew introduced in the second 
be made over the DDC or other sideband communication skew training pattern of communication 812. In one 
channel . In another embodiment , the HDMI source device example , the HDMI source device shifts at least one of the 
may communicate a skew training pattern to the HDMI sink signals associated with the second skew training pattern by 
device without first providing a communication to the 5 a predetermined amount of time in the first time direction . In 
HDMI sink device that a training pattern signal will be one implementation , the predetermined amount of time is in 
forthcoming the picosecond range . In a specific implementation , the 
At communication 806 , the HDMI source device trans- predetermined amount of time is 10 ps . The process of 

mits or causes the sending of a skew training pattern over shifting at least one of the signals associated with skew 
one or more of the TMDS channel 0-3 to the HDMI sink 10 training patterns by a predetermined amount of time in the 
device . The skew training pattern may be a differential input first time direction may be repeated until a point that the 
signal including a pattern of alternating 1s and Os . An HDMI sink device communicates no improvement in eye 
example of a skew training pattern is illustrated in FIG . 4 . height and / or eye width . 
However , the skew training pattern illustrated in FIG . 4 is On the other hand , at communication 818 , if the commu 
exemplary . In one implementation , the HDMI sink device 15 nication 816 indicated a degraded eye height and / or eye 
has prior knowledge of the skew training pattern transmitted width compared to the eye height and / or eye width deter 
or sent by the HDMI source device . In one implementation , mined at block 808 , a third skew training pattern is trans 
the skew training pattern is predetermined . mitted or caused to be sent including a predetermined 

At block 808 , the HDMI sink device enables skew moni- amount of skew introduced in the skew training pattern of 
toring . In one implementation , in a skew monitoring mode , 20 communication 806. In one example , the HDMI source 
the HDMI sink device compares the skew training pattern or device shifts at least one of the signals associated with the 
at least a portion of the skew training pattern received in skew training pattern by a predetermined amount of time in 
communication 806 against a baseline eye pattern ( e.g. , the a second time direction , that is opposite the first time 
baseline eye pattern 500 ) . The baseline eye pattern may be direction . In one implementation , the predetermined amount 
stored in a storage medium . More specifically , at block 808 , 25 of time is in the picosecond range . In a specific implemen 
the HDMI sink device measures an eye height and / or eye tation , the predetermined amount of time is 10 ps . The 
width associated with the skew training pattern and com- process of shifting at least one of the signals associated with 
pares that eye height and / or eye width against the eye height skew training patterns by a predetermined amount of time in 
and / or eye width of the baseline eye pattern . the second time direction may be repeated until a point that 

At communication 810 , the HDMI sink device acknowl- 30 the HDMI sink device communicates no improvement in 
edges receiving the skew training pattern of communication eye height and / or eye width . 
806 . At communication 820 , the HDMI sink device commu 

At communication 812 , the HDMI source device com- nicates that eye height and / or eye width improvement is no 
municates a second skew training pattern . This second skew longer being observed . At block 822 , the HDMI source 
training pattern includes a predetermined amount of skew 35 device calibrates one or more of the signal line associated 
introduced in the skew training pattern . In one example , the with one or more of the TMDS channel 0-3 to account for 
HDMI source device shifts at least one of the signals the skew observed by the skew monitoring of the logic flow 
associated with the skew training pattern by a predetermined 800. More specifically , a delay or the like may be introduced 
amount of time in a first time direction . In one implemen- to one or more the signal line associated with the one or 
tation , the predetermined amount of time is in the picosec- 40 more of the TMDS channel 0-3 to account for the skew 
ond ( ps ) range . In a specific implementation , the predeter- observed by the skew monitoring of the logic flow 800. In 
mined amount of time is 10 ps . another example , the HDMI source device may instruct the 

At block 814 , the HDMI sink device compares the second HDMI sink device to calibrate one or more of the signal line 
skew training pattern or at least a portion of the second skew associated with one or more of that TMDS channel 0-3 to 
training pattern received in communication 806 against the 45 account for the skew observed by the skew monitoring of the 
baseline eye pattern . Specifically , the HDMI sink device logic flow 800. More specifically , the HDMI source device 
measures an eye height and / or eye width associated with the may communicate amount of delay or the like that the 
second skew training pattern and compares that eye height HDMI sink device is to introduce to one or more of the 
and / or eye width against the eye height and / or eye width of signal line associated with the one or more of the TMDS 
the baseline eye pattern . This comparison enables the HDMI 50 channel 0-3 to account for the skew observed by the skew 
sink device to determine if the eye height and / or monitoring of the logic flow 800 . 
of the second skew training pattern is an improvement over At communication 824 , the HDMI source device com 
the eye height and / or eye width determined at block 808 . municates to the HDMI sink device that that skew training 

At communication 816 , the HDMI sink device commu- has terminated . 
nicates to the HDMI source device a result of the compari- 55 Various embodiments may be implemented using hard 
son from block 814. Specifically , the HDMI sink device may ware elements , software elements , or a combination of both . 
( 1 ) communicate that the second skew training pattern Examples of hardware elements may include processors , 
resulted in an eye height and / or eye width improvement microprocessors , circuits , circuit elements ( e.g. , transistors , 
compared to the eye height and / or eye width determined at resistors , capacitors , inductors , and so forth ) , integrated 
block 808 , or the HDMI sink device may ( 2 ) communicate 60 circuits , application specific integrated circuits ( ASIC ) , pro 
that the second skew training pattern resulted in a degraded grammable logic devices ( PLD ) , digital signal processors 
eye height and / or eye width compared to the eye height ( DSP ) , field programmable gate array ( FPGA ) , logic gates , 
and / or eye width determined at block 808 . registers , semiconductor device , chips , microchips , chip 

At communication 818 , if the communication 816 indi- sets , and so forth . Examples of software may include soft 
cated an eye height and / or eye width improvement com- 65 ware components , programs , applications , computer pro 
pared to the eye height determined at block 808 , a third skew grams , application programs , system programs , machine 
training pattern is transmitted or caused to be sent including programs , operating system software , middleware , firm 

eye width 
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ware , software modules , routines , subroutines , functions , Example 3 
methods , procedures , software interfaces , application pro 
gram interfaces ( API ) , instruction sets , computing code , The method according to Example 1 , wherein the skew 
computer code , code segments , computer code segments , training pattern is a differential signal including a pattern of 
words , values , symbols , or any combination thereof . Deter- 5 alternating 1s and Os . 
mining whether an embodiment is implemented using hard 
ware elements and / or software elements may vary in accor Example 4 
dance with any number of factors , such as desired 
computational rate , power levels , heat tolerances , processing The method according to Example 1 , further comprising 
cycle budget , input data rates , output data rates , memory transmitting a second skew training pattern on the signal line 
resources , data bus speeds and other design or performance including the differential pair , the second skew training 
constraints . pattern is a modified version of the skew training pattern . 
One or more aspects of at least one embodiment may be Example 5 implemented by representative instructions stored on a 15 

machine - readable medium which represents various logic The method according to Example 4 , wherein the second within the processor , which when read by a machine causes skew training pattern has a timing offset that is different than the machine to fabricate logic to perform the techniques a timing offset associated with the skew training pattern . described herein . Such representations , known as “ IP cores ” 
may be stored on a tangible , machine readable medium and 20 Example 6 
supplied to various customers or manufacturing facilities to 
load into the fabrication machines that actually make the The method according to Example 4 , further comprising 
logic or processor . Some embodiments may be imple receiving eye height and / or eye width information related to 
mented , for example , using a machine - readable medium or a comparison of at least a portion of the second skew 
article which may store an instruction or a set of instructions training pattern against a baseline eye pattern , the eye height 
that , if executed by a machine , may cause the machine to and / or eye width information received on the DDC . perform method and / or operations in accordance with the 
embodiments . Such a machine may include , for example , Example 7 
any suitable processing platform , computing platform , com 
puting device , processing device , computing system , pro- The method according to Example 6 , further comprising 
cessing system , computer , processor , or the like , and may be transmitting a third skew training pattern on the signal line 
implemented using any suitable combination of hardware including the differential pair , the third skew training pattern 
and / or software . The machine - readable medium or article is a modified version of the second skew training pattern . 
may include , for example , any suitable type of memory unit , 35 
memory device , memory article , memory medium , storage Example 8 
device , storage article , storage medium and / or storage unit , 
for example , memory , removable or non - removable media , The method according to Example 6 , further comprising 
erasable or non - erasable media , writeable or re - writeable transmitting a third skew training pattern on the signal line 
media , digital or analog media , hard disk , floppy disk , 40 including the differential pair , the third skew training pattern 
Compact Disk Read Only Memory ( CD - ROM ) , Compact is a modified version of the skew training pattern . 
Disk Recordable ( CD - R ) , Compact Disk Rewriteable ( CD 
RW ) , optical disk , magnetic media , magneto - optical media , Example 9 
removable memory cards or disks , various types of Digital 
Versatile Disk ( DVD ) , a tape , a cassette , or the like . The The method according to Example 6 , further comprising 
instructions may include any suitable type of code , such as calibrating the signal line including the differential pair 
source code , compiled code , interpreted code , executable based on the eye height and / or eye width information 
code , static code , dynamic code , encrypted code , and the received on the DDC . 
like , implemented using any suitable high - level , low - level , 
object - oriented , visual , compiled and / or interpreted pro Example 10 
gramming language . 

At least one non - transitory machine - readable storage 
Example 1 medium comprising instructions that when executed by a 

computing device , cause the computing device to : send a 
skew training pattern on a signal line including a differential A method , comprising : transmitting a skew training pat pair ; and receive an acknowledgment , related to the skew tern on a signal line including a differential pair ; and 

receiving an acknowledgment , related to the skew training training pattern , on a display data channel ( DDC ) associated 
pattern , on a display data channel ( DDC ) associated with an with an high - definition multimedia interface ( HDMI ) sys 

tem . high - definition multimedia interface ( HDMI ) system . 
Example 11 

Example 2 
The least one non - transitory machine - readable storage 

The method according to Example 1 , wherein the signal 65 medium of Example 10 , wherein the signal line is a trans 
line is a transmission minimized differential signaling mission minimized differential signaling ( TMDS ) channel 
( TMDS ) channel of the HDMI system . of the HDMI system . 
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Example 12 including a differential pair ; and receive an acknowledg 
ment , related to the skew training pattern , on a display data 

The least one non - transitory machine - readable storage channel ( DDC ) . 
medium of Example 10 , wherein the skew training pattern is 
a differential signal including a pattern of alternating 1s and 5 Example 20 
Os . The HDMI source apparatus to Example 19 , wherein the 

signal line is a transmission minimized differential signaling Example 13 ( TMDS ) channel . 
10 Example 21 The least one non - transitory machine - readable storage 

medium of Example 10 , wherein the instructions , when 
executed by a computing device , cause the computing 
device to send a second skew training pattern on the signal 
line including the differential pair , the second skew training 
pattern is a modified version of the skew training pattern . 

The HDMI source apparatus to Example 19 , wherein the 
kew training pattern is a diff ential signal including a 

pattern of alternating 1s and Os . 
15 

Example 22 
Example 14 

The least one non - transitory machine - readable storage 
medium of Example 13 , wherein the second skew training 
pattern has a timing offset that is different than a timing 
offset associated with the skew training pattern . 

A high - definition multimedia interface ( HDMI ) appara 
tus , comprising : at least one memory ; and a processor circuit 

20 coupled to the at least one memory , the processor circuit to : 
receive a skew training pattern on a signal line including a 
differential pair ; and transmit an acknowledgment , related to 
the skew training pattern , on a display data channel ( DDC ) . 

Example 15 Example 23 
25 

35 

The least one non - transitory machine - readable storage The HDMI sink apparatus to Example 22 , wherein the 
medium of Example 13 , wherein the instructions , when signal line is a transmission minimized differential signaling 
executed by a computing device , cause the computing ( TMDS ) channel . 
device to receive eye height and / or eye width information 30 Example 24 
related to a comparison of at least a portion of the second 
skew training pattern against a baseline eye pattern , the eye The HDMI sink apparatus to Example 22 , wherein the 
height and / or eye width information received on the DDC . skew training pattern is a diff ential signal including a 

pattern of alternating 1s and Os . 
Example 16 

Example 25 
The least one non - transitory machine - readable storage 

medium of Example 15 , wherein the instructions , when The HDMI sink apparatus to Example 22 , wherein the 
executed by a computing device , cause the computing processor is to compare at least a portion of the skew 
device to send a third skew training pattern on the signal line 40 training pattern against a baseline eye pattern , and the sink is to transmit information related to the comparison on the 
including the differential pair , the third skew training pattern DDC channel . 
is a modified version of the second skew training pattern . 

Example 26 
Example 17 

An apparatus , comprising : at least one memory ; and a 
The least one non - transitory machine - readable storage processor circuit coupled to the at least one memory , the 

medium of Example 15 , wherein the instructions , when processor circuit to : transmit a skew training pattern on a 
executed by a computing device , cause the computing signal line including a differential pair ; and receive an 
device to send a third skew training pattern on the signal line acknowledgment , related to the skew training pattern , on a 
including the differential pair , the third skew training pattern 50 display data channel ( DDC ) associated with an high - defini 
is a modified version of the skew training pattern . tion multimedia interface ( HDMI ) system . 

45 

Example 18 Example 27 

The apparatus according to Example 26 , wherein the 
signal line is a transmission minimized differential signaling 
( TMDS ) channel of the HDMI system . 

The least one non - transitory machine - readable storage 55 
medium of Example 15 , wherein the instructions , when 
executed by a computing device , cause the computing 
device to calibrate the signal line including the differential 
pair based on the eye height and / or eye width information 
received on the DDC . 

Example 28 
60 The apparatus according to Example 26 , wherein the 

skew training pattern is a differential signal including a 
pattern of alternating 1s and Os . Example 19 

Example 29 A high - definition multimedia interface ( HDMI ) source 
apparatus , comprising : at least one memory ; and a processor 65 
circuit coupled to the at least one memory , the processor 
circuit to : transmit a skew training pattern on a signal line 

The apparatus according to Example 26 , wherein the 
processor is to transmit a second skew training pattern on the 
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signal line including the differential pair , the second skew a signal line including a differential pair ; and means to 
training pattern is a modified version of the skew training transmit an acknowledgment , related to the skew training 
pattern . pattern , on a display data channel ( DDC ) . 

Example 30 5 Example 39 

10 

The apparatus according to Example 29 , wherein the The HDMI apparatus to Example 38 , wherein the signal 
second skew training pattern has a timing offset that is line is a transmission minimized differential signaling 
different than a timing offset associated with the skew ( TMDS ) channel of the HDMI apparatus . 
training pattern . 

Example 40 
Example 31 

The HDMI parati to Example 38 , wherein the skew 
The apparatus according to Example 29 , wherein the training pattern is a differential signal including a pattern of 

processor is to receive eye height and / or eye width infor- 15 alternating 1s and Os . 
mation related to a comparison of at least a portion of the 
second skew training pattern against a baseline eye pattern , Example 41 
the eye height and / or eye width information received on the The HDMI apparatus to Example 38 , wherein the means DDC . 20 to receive is to compare at least a portion of the skew 

training pattern against a baseline eye pattern , and the sink Example 32 is to transmit information related to the comparison on the 
DDC channel . The apparatus according to Example 31 , wherein the Numerous specific details have been set forth herein to processor is to transmit a third skew training pattern on the 25 provide a thorough understanding of the embodiments . It signal line including the differential pair , the third skew will be understood by those skilled in the art , however , that training pattern is a modified version of the second skew the embodiments may be practiced without these specific training pattern . details . In other instances , well - known operations , compo 
nents , and circuits have not been described in detail so as not Example 33 30 to obscure the embodiments . It can be appreciated that the 
specific structural and functional details disclosed herein The apparatus according to Example 31 , wherein the 

processor is to transmit a third skew training pattern on the may be representative and do not necessarily limit the scope 
of the embodiments . signal line including the differential pair , the third skew Some embodiments may be described using the expres training pattern is a modified version of the skew training 35 sion “ coupled ” and “ connected ” along with their derivatives . pattern . These terms are not intended as synonyms for each other . 

Example 34 For example , some embodiments may be described using 
the terms “ connected ” and / or “ coupled ” to indicate that two 

The apparatus according to Example 31 , wherein the or more elements are in direct physical or electrical contact 
processor is to calibrate the signal line including the differ- 40 with each other . The term “ coupled , ” however , may also 
ential pair based on the eye height and / or eye width infor mean that two or more elements are not in direct contact 
mation received on the DDC . with each other , but yet still co - operate or interact with each 

other . 
Example 35 Unless specifically stated otherwise , it may be appreciated 

45 that terms such as “ processing , " " computing , ” “ calculating , " 
A high - definition multimedia interface ( HDMI ) appara “ determining , " or the like , refer to the action and / or pro 

tus , comprising : means to transmit a skew training pattern on cesses of a computer or computing system , or similar 
a signal line including a differential pair ; and means to electronic computing device , that manipulates and / or trans 
receive an acknowledgment , related to the skew training forms data represented as physical quantities ( e.g. , elec 
pattern , on a display data channel ( DDC ) . 50 tronic ) within the computing system's registers and / or 

memories into other data similarly represented as physical 
Example 36 quantities within the computing system's memories , regis 

ters or other such information storage , transmission or 
The HDMI apparatus to Example 35 , wherein the signal display devices . The embodiments are not limited in this 

line is a transmission minimized differential signaling 55 context . 
( TMDS ) channel of the HDMI apparatus . It should be noted that the methods described herein do 

not have to be executed in the order described , or in any 
Example 37 particular order . Moreover , various activities described with 

respect to the methods identified herein can be executed in 
The HDMI apparatus to Example 35 , wherein the skew 60 serial or parallel fashion . 

training pattern is a differential signal including a pattern of Although specific embodiments have been illustrated and 
alternating 1s and Os . described herein , it should be appreciated that any arrange 

ment calculated to achieve the same purpose may be sub 
Example 38 stituted for the specific embodiments shown . This disclosure 

65 is intended to cover any and all adaptations or variations of 
A high - definition multimedia interface ( HDMI ) appara- various embodiments . It is to be understood that the above 

tus , comprising : means to receive a skew training pattern on description has been made in an illustrative fashion , and not 
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a restrictive one . Combinations of the above embodiments , including the differential pair , the third skew training pattern 
and other embodiments not specifically described herein will is a modified version of the skew training pattern . 
be apparent to those of skill in the art upon reviewing the 8. The method according to claim 5 , further comprising 
above description . Thus , the scope of various embodiments calibrating the signal line including the differential pair 
includes any other applications in which the above compo- 5 based on the eye height and / or eye width information 
sitions , structures , and methods are used . received on the DDC . 

It is emphasized that the Abstract of the Disclosure is 9. At least one non - transitory machine - readable storage provided to comply with 37 C.F.R. § 1.72 ( b ) , requiring an medium comprising instructions that when executed by a abstract that will allow the reader to quickly ascertain the computing device , cause the computing device to : nature of the technical disclosure . It is submitted with the 10 
understanding that it will not be used to interpret or limit the send a skew training pattern on a signal line including a 

differential pair ; scope or meaning of the claims . In addition , in the foregoing 
Detailed Description , it can be seen that various features are receive an acknowledgment , related to the skew training 
grouped together in a single embodiment for the pattern , on a display data channel ( DDC ) associated purpose 
streamlining the disclosure . This method of disclosure is not 15 with an high - definition multimedia interface ( HDMI ) 
to be interpreted as reflecting an intention that the claimed system ; and 
embodiments require more features than are expressly send a second skew training pattern on the signal line 
recited in each claim . Rather , as the following claims reflect , including the differential pair , the second skew training 
inventive subject matter lies in less than all features of a pattern is a modified version of the skew training 
single disclosed embodiment . Thus the following claims are 20 pattern . 
hereby incorporated into the Detailed Description , with each 10. The at least one non - transitory machine - readable 
claim standing on its own as a separate preferred embodi- storage medium of claim 9 , wherein the signal line is a 
ment . In the appended claims , the terms “ including ” and “ in transmission minimized differential signaling ( TMDS ) 
which ” are used as the plain - English equivalents of the channel of the HDMI system . 
respective terms “ comprising ” and “ wherein , ” respectively . 25 11. The at least one non - transitory machine - readable 
Moreover , the terms “ first , " " second , ” and “ third , ” etc. are storage medium of claim 9 , wherein the skew training 
used merely as labels , and are not intended to impose pattern is a differential signal including a pattern of alter numerical requirements on their objects . nating 1s and Os . Although the subject matter has been described in lan 12. The at least one non - transitory machine - readable guage specific to structural features and / or methodological 30 storage medium of claim 9 , wherein the second skew acts , it is to be understood that the subject matter defined in 
the appended claims is not necessarily limited to the specific training pattern has a timing offset that is different than a 
features or acts described above . ther , the specific features timing offset associated with the skew training pattern . 
and acts described above are disclosed as example forms of 13. The at least one non - transitory machine - readable 
implementing the claims . storage medium of claim 9 , wherein the instructions , when 
What is claimed is : executed by a computing device , cause the computing 
1. A method , comprising : device to receive eye height and / or eye width information 
transmitting a skew training pattern on a signal line related to a comparison of at least a portion of the second 

including a differential pair ; skew training pattern against a baseline eye pattern , the eye 
receiving an acknowledgment , related to the skew train- 40 height and / or eye width information received on the DDC . 

ing pattern , on a display data channel ( DDC ) associated 14. The at least one non - transitory machine - readable 
with a high - definition multimedia interface ( HDMI ) storage medium of claim 13 , wherein the instructions , when 
system ; and executed by a computing device , cause the computing 

transmitting a second skew training pattern on the signal device to send a third skew training pattern on the signal line 
line including the differential pair , the second skew 45 including the differential pair , the third skew training pattern 
training pattern is a modified version of the skew is a modified version of the second skew training pattern . 
training pattern . 15. The at least one non - transitory machine - readable 

2. The method according to claim 1 , wherein the signal storage medium of claim 13 , wherein the instructions , when 
line is a transmission minimized differential signaling executed by a computing device , cause the computing 
( TMDS ) channel of the HDMI system . 50 device to send a third skew training pattern on the signal line 

3. The method according to claim 1 , wherein the skew including the differential pair , the third skew training pattern 
training pattern is a differential signal including a pattern of is a modified version of the skew training pattern . 
alternating 1s and Os . 16. The at least one non - transitory machine - readable 

4. The method according to claim 1 , wherein the second storage medium of claim 13 , wherein the instructions , when 
skew training pattern has a timing offset that is different than 55 executed by a computing device , cause the computing 
a timing offset associated with the skew training pattern . device to calibrate the signal line including the differential 

5. The method according to claim 1 , further comprising pair based on the eye height and / or eye width information 
receiving eye height and / or eye width information related to received on the DDC . 
a comparison of at least a portion of the second skew 17. A high - definition multimedia interface ( HDMI ) source 
training pattern against a baseline eye pattern , the eye height 60 apparatus , comprising : 
and / or eye width information received on the DDC . at least one memory ; and 

6. The method according to claim 5 , further comprising a processor circuit coupled to the at least one memory , the 
transmitting a third skew training pattern on the signal line processor circuit to : 
including the differential pair , the third skew training pattern transmit a skew training pattern on a signal line includ 
is a modified version of the second skew training pattern . ing a differential pair ; 

7. The method according to claim 5 , further comprising receive an acknowledgment , related to the skew train 
transmitting a third skew training pattern on the signal line ing pattern , on a display data channel ( DDC ) ; and 
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transmit a second skew training pattern on the signal transmit an acknowledgment , related to the skew train 
line including the differential pair , the second skew ing pattern , on a display data channel ( DDC ) ; 
training pattern is a modified version of the skew receive a second skew training pattern on the signal line 
training pattern . including the differential pair , the second skew train 

18. The HDMI source apparatus to claim 17 , wherein the 5 ing pattern is a modified version of the skew training 
signal line is a transmission minimized differential signaling pattern . 
( TMDS ) channel . 21. The HDMI sink apparatus to claim 20 , wherein the 

19. The HDMI source apparatus to claim 17 , wherein the signal line is a transmission minimized differential signaling 
skew training pattern is a differential signal including a ( TMDS ) channel . 
pattern of alternating 1s and Os . 22. The HDMI sink apparatus to claim 20 , wherein the 

20. A high - definition multimedia interface ( HDMI ) sink skew training pattern is a differential signal including a 
apparatus , comprising : pattern of alternating 1s and Os . 

at least one memory ; and 23. The HDMI sink apparatus to claim 20 , wherein the 
a processor circuit coupled to the at least one memory , the processor circuit is to compare at least a portion of the skew 

processor circuit to : 15 training pattern against a baseline eye pattern , and transmit 
receive a skew training pattern on a signal line includ information related to the comparison on the DDC channel . 

ing a differential pair ; 
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